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This report contains summary information on ground-water quality in one of the 50 

States, Puerto Rico, the Virgin Islands, or the Trust Territories of the Pacific Islands, 

Saipan, Guam, and American Samoa. The material is extracted from the manuscript 

of the 1986 National Water Summary, and with the exception1 of the illustrations, 

which will be reproduced in multi-color in the 1986 National Water Summary .the 

format and content of this report is identical to the State ground-water-quality 

descriptions to be published in the 1986 National Water Summary. Release of this 

information before formal publication in the 1986 National Water Summary 

permits the earliest access by the public.
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PUERTO Rico
Ground-Water Quality

Aquifers in Puerto Rico (fig. 1) provide 170 Mgal/d (million 
gallons per day) of freshwater for domestic, industrial, and 
agricultural uses. Ground water is the source of drinking water for 
about 900,000 people and for most of the irrigation requirements 
and the expanding pharmaceutical and electronics industries.

The quality of Puerto Rico's ground water is suitable for most 
purposes and generally meets the drinking-water standards 
established by the Puerto Rico Department of Health (PRDOH). 
However, large water withdrawals from aquifers along the coast 
have caused seawater encroachment, resulting in well abandonment. 
Large concentrations of iron and manganese are local problems for 
users of ground water on the east and west coasts.

The most important aquifers in Puerto Rico (U.S. Geological 
Survey, 1985, p. 367) occur along the south and north coasts (figs. 
2A, 2B). The South Coastal Plain alluvial aquifer provides about 
50 percent of the total public water supply of the south coast. The 
North Coast limestone" water-table and artesian aquifers provide 
about 20 percent of the public water supply to north-coast com­ 
munities. Other aquifers occur in alluvial valleys along the east and 
west coasts, within the alluvial and volcanic rocks of the interior 
of the island, and in the Esperanza and Resolucion Valley on the 
island of Vieques. About 50 percent of the total ground-water 
withdrawals in Puerto Rico are from the South Coastal Plain alluvial 
aquifer, 35 percent from the North Coast limestone aquifers, 10 
percent from the East and West Coast alluvial valley aquifers, and 
5 percent from the alluvial and volcanic rock aquifer of the island 
interior.

Degradation of water quality from accidental spills of organic 
chemicals and waste disposal is an increasing problem. Recent in­ 
vestigations by the U.S. Geological Survey have shown that ground- 
water contamination with volatile, synthetic organic chemicals is 
uik-spread (Guzman-Rios and Quinones-Marquez, 1985). The con­ 

tamination has affected the suitability of ground water for public 
warer supply in areas of the north, south, and east coasts.

At present (1986), the U.S. Environmental Protection Agency
(EPA) has permitted a total of 362 generators of hazardous waste
to operate under the Federal Resource Conservation and Recovery
Act (RCRA) of 1976. Eight sites (fig. 3) have been included in the
National Priorities List (NPL) of hazardous waste sites and designated
as Superfund sites (U.S. Environmental Protection Agency, 1986c).
"'"hese sites are currently monitored as part of the Comprehensive

, ironmental Response, Compensation, and Liability Act (CERCLA)
i . 1980. Although no ground-water contamination has been detected
at any of the RCRA sites, contamination has been confirmed at four

the eight CERCLA (Superfund) sites. However, the chemicals con-
.mating the aquifers have not been linked in all instances to sur-

.t releases or specific site contaminants.
Since 1955, the U.S. Geological Survey has monitored

>und-water quality in cooperation with several agencies of the
<mmonwealth of Puerto Rico. One of the programs included

analyses of various organic and inorganic constituents at 243 public
water-supply wells. In addition, where ground-water-quality" pro-
'ems are suspected or identified, the Geological Survey has pro-
ided technical support to various Commonwealth and Federal
/encies in conducting interpretive hydrologic investigations to
jetermine the extent and severity of contamination and to maintain
ippropriate monitoring networks. The Geological Survey assisted
the EPA in defining the hydrology of the Vega Alta CERCLA site (fig.
j/4, site H) in north-central Puerto Rico. Test wells were drilled

and soil and water samples were collected and analyzed to define 
the horizontal and vertical distribution of contaminants and to deter­ 
mine hydraulic properties of the shallow aquifer and confining beds. 
Assistance in collecting and interpreting ground-water-quality"and 
geologic data was also provided to the EPA and local agencies at 
the Barceloneta CERCLA site^fig. 3A, 'site G). T 'Si.; v>  

WATER QUALITY IN PRINCIPAL AQUIFERS   - ^ 3

Ground water throughout Puerto Rico is gener4fly suitable 
for most uses except near the coast where the aquifer contains 
saltwater. Puerto Rico has several geocnerhically'dis'tinct aquifer 
environments. The North Coast limestone artesian aquifer, con- 
sisting'bf the Cibao Formation and Lares Limestone, contains water 
geochemically similar to the overlying North Coast HmesjQne.-jWater- 
table aquifer, which consists of the Aymamon "arid Aguada 
limestqnes and the ijicised alluvial valleys (fig. 2C). Distinct 
chemical characteristics have been observed in water from alluvial 
aquifers in the South Coastal Plain, the West Coast, kid the East 
Coast systems. These regional distinctions in chemical composi­ 
tion of the ground^ waterare rela&fln-part to areal differences in 
aquifer composition and texture^ .. -

Saltwater occurs in ail aquifers in Puerto Rico except within 
the interior alluvial and volcanic roc4c aquifer and the North Coast 
limestone artesian aquifer. The saltwater commonly underlies 
freshwater or is kept in hydrodynamic equilibrium laterally by in­ 
land freshwater moving outward from the island.

BACKGROUND WATER QUALITY .:
Reliable ground-water-chemistry data have been collected 

since 1955 in Puerto Rico. The largest number of samples was col­ 
lected from aquifers most intensively developed the South Coastal 
Plain alluvial aquifer and the North Coast limestone water-table 
aquifer. Fewer data are available for the North Coast limestone 
artesian aquifer, and the East and West Coasts alluvial valley 
aquifers. Water-quality data are scarce for tne alftivial and volcanic 
rock aquifer and the Esperanza and Resolucion Valley aquifer.

The quality of water from all aquifers in Puerto Rico is 
generally similar. A statistical summary of data from 1955 to 1985 
for dissolved solids, hardness (as calcium carbonate), nitrate (as 
nitrogen), chloride, and sulfate (fig. 2C) characterizes the small 
variability in chemical composition of the water. The summary has 
been compiled from the U.S. Geological Survey's National Water 
Data Storage and Retrieval System (WATSTORE). Percentiles of the 
variables are compared to national standards that specify the max­ 
imum concentration or level of a contaminant in drinking-water 
supply as established by the U.S. Environmental Protection Agency 
(1986a,b). The primary maximum contaminant level standards are 
health related and are legally enforceable. The secondary maximum 
contaminant level standards apply to esthetic qualities and are recom­ 
mended guidelines. The primary drinking-water standards include 
a maximum concentration of 10 mg/L (milligrams per liter) nitrate 
(as nitrogen), and the secondary drinking-water standards include 
maximum concentrations of 500 mg/L dissolved solids, 250 mg/L 
chloride, and 250 mg/L sulfate.

The water is generally very hard (fig. 2C), as calcium and 
bicarbonate are the dominant ions. The calcium and bicarbonate 
facies is replaced by a sodium chloride facies near the coast in a 
zone of freshwater-saltwater mixing.



Coast Limestone Aquifers
Dissolved-solids concentrations for the North Coast limestone 

! acjiiffeFs water table and artesian increase along the hydraulic gra­ 
dient. Dissolved-solids concentrations can be larger than 500 mg/L 
in areas of saltwater intrusion or encroachment near the coast. 
Suitability of water for irrigation and public water supply is affected 
within these areas. The North Coast limestone artesian aquifer has 
dissolved-solids concentrations smaller than 500 mg/L throughout 

, the aquifer. The freshwater-saltwater interface of the North Coast 
limestone artesian aquifer probably is seaward and freshwater 
discharges directly at the seabed.

Calcium and bicarbonate are the dominant ions within the 
artesian aquifer and the freshwater parts of the water-table aquifer, 
because they are derived from the aquifer matrix (Roman-Mas and 
Lee, 1985).' The calcium bicarbonate facies is replaced by a sodium 
chloride facies in areas of the water-table aquifer where saltwater 
intrusion occurs. Chloride concentrations can be as large as 1,900 

T.mg/L.
Background concentrations of nitrate for the water-table and 

artesian aquifers are smaller than the detection limit. Sulfate con­ 
centrations are usually small as the sulfate source within these 
aquifers is gypsum, a relatively uncommon mineral.

South Coastal Plain Alluvial Aquifer

Dissolved-solids concentrations throughout the South Coastal 
Plain alluvial aquifer are relatively large (fig. 2C), ranging from 
130 to 1,750 mg/L. Calcium and bicarbonate are the predominant 
ions; these ions originate from beach and reef deposits that were 
buried by sediments eroded from the interior igneous rocks during 
the last rise in sea level (Fernando Gomez-Gomez, U.S. Geological 
Survey, written commun., 1986). Near the coast, where large 
dissolved-solids concentrations are derived from saltwater intru­ 
sion or encroachment, and sodium and chloride become the 
predominant ions.

Relatively large nitrate concentrations are observed within 
the South Coastal Plain alluvial aquifer; nevertheless, observed con­ 
centrations generally do not exceed the primary drinking-water 
standard. Because of the presence of relatively soluble and finely 
disseminated pyrite within the South Coastal Plain alluvial aquifer, 
sulfate concentrations are generally larger than in the North Coast 
limestone aquifers.

East and West Coastal Alluvial Valley Aquifers
Chemical composition and evolution of water within the East 

and West Coast alluvial aquifers are similar to those in the North 
and South Coast aquifers. However, dissolved-solids concentrations 
are larger: as much as 4,270 and 10,000 mg/L within the East and 
West Coast alluvial aquifers, respectively. Chloride concentrations 
also are relatively large, reaching 1,700 and 5,800 mg/L in the East 
and .West Coast alluvial aquifers, respectively. These large 
dissolved-solids and chloride concentrations indicate significant 
saltwater encroachment within these aquifers, particularly the West 
Coast alluvial aquifer, in comparison to the North and South Coast 
aquifers.

Nitrate concentrations are generally small, with median con­ 
centrations of 0.4 mg/L (aquifer 4) and 0.6 mg/L (aquifer 5). 
However, in some areas of the West Coast alluvial aquifer, nitrate 
concentrations may exceed drinking-water standards.

Sulfate concentrations within the West Coast alluvial aquifer 
are considerably larger than for the other aquifers. The median 
sulfate concentration is 64 mg/L; however, about 25 percent of the 
compiled analyses exceeded the secondary drinking-water standard.

Areas of naturally impaired water quality have been found 
within the East Coast alluvial aquifer (fig. 35). Large concentra­ 
tions of iron and manganese, derived from plutonic rocks and an­

cient swamp deposits, have been reported for many wdls in the 
area (Anders, 1971; Adolphson and others, 1977; Robert Graves, 
U.S. Geological Survey, written commun:, 1986). Concentrations 
of iron and manganese can be as large as 2.4 and 6.2 mg/L, respec­ 
tively, but do not affect the suitability of giound water for irriga­ 
tion and livestock the primary uses of ground water in these areas. 
However, the large concentrations are objectionable because they 
can clog pipes, produce unpleasant taste, and stain plumbing, fix­ 
tures as well as clothes during laundering. ,-

The Puerto Rico Aqueduct and Sewer Authority (PRASA) has 
recently reported concentrations of selenium larger than EPA recom­ 
mended maximum level of 0.01 mg/L in four wells drilled in the 
volcanic rock of the south and west coasts of the island (Nicolino 
Liberatore, Puerto Rico Aqueduct and Sewer Authority, written 
commun., 1986). Two of the wells located at Guayanilla and one 
at Cabo Rojo were intended for public water supply, but were not 
used after selenium concentrations as large as 0.10 mg/L were 
reported.

Until 1978, the Esperanza and Resolucion Valley aquifer was 
the only source of freshwater for the population of the island of 
Vieques. Most wells completed in this aquifer in the Esperanza 
Valley were affected by sea-water encroachment when ground-water 
withdrawals exceeded 400,000 gallons per day (Sigfredo Torres, 
U.S. Geological Survey, oral commun., 1986). Chloride concen­ 
tration in water withdrawn from several public-supply wells became 
as large as 500 mg/L. Ground-water withdrawals from the Esperan­ 
za Valley well field were discontinued in 1978 when a pipeline for 
public water supply was installed from the east coast of Puerto Rico. 
By 1981, the seawater drawn into the aquifer by intensive pumping 
was pushed seaward by rainfall recharge. The aquifer currently 
(1986) has reverted to its original pre-pumpirg condition, with 
chloride concentrations of 90 mg/L or lessi;  

EFFECTS OF LAND USE ON WATER QUALITY
Ground-water quality has been degraded in parts of several 

principal aquifers in Puerto Rico. Investigations by the U.S. 
Geological Survey and interpretation of data collected as part of 
the cooperative monitoring program have documented widespread 
aquifer contamination in Puerto Rico (Guzman-Rios and Quinones- 
Marquez, 1985; Guzman-Rios and others, 1986). Contamination 
has been caused by industrial-waste disposal and accidental spills, 
municipal landfills, agricultural-pesticide application, large ground- 
water withdrawals for urban centers and irrigation, and barnyard 
waste or septic drainage.

Industrial-Waste Disposal and Accidental Spills
The most serious threat to the continued use of aquifers as 

a source of drinking water in Puerto Rico is the contamination of 
ground water by various synthetic volatile organic chemicals (voc). 
These chemicals are used as industrial solvents, degreasers, and 
cleaning agents, or are generated as toxic byproducts from metal, 
electronic, and pharmaceutical industries. Trichioroethylene (TCE) 
and tetrachloroethylene (PCE) have been identified as the principal 
organic contaminants. Concentrations of TCE and PCE as large as 
480 and 776 /xg/L (micrograms per liter), respectively, were 
measured during a study in which 243 public water-supply wells 
were sampled throughout the island (Guzman-Rios and Quinones- 
Marquez, 1984; 1985). The PRDOH has established an enforceable 
limit of 50 /xg/L for TCE or PCE, and 100 /xg/L for total voc. The 
PRASA has discontinued use of 13 public water-supply wells with 
a combined production of 5.5 Mgal/d because"of increased con­ 
centrations of voc (fig. 35).

Waste-disposal wells have contributed to ground-water con­ 
tamination. In 1969, about 40 waste-disposal wells were operating 
in Puerto Rico. Wastes injected through wells included sewage, 
oil, neutralized acid, organic .compounds, dyes, pickling liquors,



pineapple cannery wasteland brewery wastes (Donald Jordan. U.S. 
Geological Sarvey>, written commun., 1969). In all known instances, 
the.wa&tes. wfcre injected.into North Coast iimestone aquifers, both

-the water table and the" artesian. At present (1986), the-injection 
jaf any waste, except.cool ing waters^ 'is-prohibited, v

Five waste-disposal sites in Puerto Rico have been designated
as CERCLA (Superfund)r sites (fig: 3,4; Sites A, C. D, E.'and F).
Hazardous wastes disposed at these sites-include pharmaceutical
wastes, mercury pesticides, mercury from thermometer and light-

, switch manufacturing, -chromium^tron, and selenium;
There are 362 generators of hazardous wastes ifJ Puerto Rico 

operating under RCRA, of which about 73 (-fig. 3/1) are facilities 
for treatment, storage; and disposal (L.J. Livingston. U.S. En­ 
vironmental Protection Agency. Region II, written commun.. 1986). 
The remaining 289 sites temporarily store the waste'at their industrial 
facilities for later removal to a permanent storage site or for transport 
to the1 United States. At present (1986), only one operating com­ 
mercial industrial landfill in Puerto Rico is used for storing 
hazardous waste and toxic byproducts. It is near Tallaboa on the 
south coast and reportedly accounts for 10 percent of all industrial 

^hazardous waste produced in the island (Carl-Axel Soderberg, 
Puerto Rico Environmental Quality Board, oral commun.. 1986). 
The Puerto Rico Environmental Quality Board (PREQB) estimates 
that more than 500,000 tons per year of hazardous wastes are pro- 

educed in Puerto Ricovof \vhich 40 percent is shipped to the United 
States (Carl-Axel Soderberg, Puerto Rico Environmental Quality 
Board, oral commuff., 1986).

As of September 1985,' 18 hazardous-waste sites at 2 facilities 
in Puerto Rico had been identified "by the U.S. Department of 
Defense (DOD) as part of their Installation Restoration Program (IRP) 
as having potential'for contamination (U.S. Department of Defense. 
1986). The IRP, established in 1976, parallels the EP\ Superfund 
program under CERCLA. EPA presently ranks these sites under the 
hazard ranking system and may include them in the NPL.

During September 1982, 15.000 gallons of carbon 
tetrachloride was accidentally spilled in the Barceloneta area. 
Laboratory analyses of water samples collected after the spill in­ 
dicated concentrations of carbon tetrachloride as large as 5 mg'L. 
The spill resulted in the closing of two industrial, one domestic, 
and three public water-supply wells. About 10.000 persons.-wHo 
obtained their drinking water from those wells, were affected. The 
area was designated as-a CERCLA site by the EP* (fig. 3A. Site G).

Municipal Landfills
Seventy-four municipal landfills throughout Puerto Rico (fig. 

3C) are used for the disposal of non-hazardous wastes. In 1977, 
the U.S. Geological Survey conducted a reconnaissance study of 
50 selected solid-waste disposal sites in Puerto Rico (Torres- 
Gonzalez and Gomez-Gomez. 1982, p. 7) to determine the poten­ 
tial for ground-water contamination by the percolation of leachate. 
In many of the .locations, the cover material was relatively permeable 
and offered insignificant resistance to infiltration of the leachate. 
Although aquifer contamination has not been the subject of any 
studies, 25 sites showed potential for leachate percolation. Further 
investigation is needed to determine contamination potential at other 
waste-disposal sites. Open-burning dumps are no longer allowed 
in Puerto Rico. Six known former open-burning Jump sites are 
shown in fig. 3/i as "other."
', [ '!

  "''   " - "'i' ~* v
Agricultural-Pesticide Application^

Preliminary tests have detected pesticides and pesticide 
residues in several Wells in aquifers, bo'th on the north and on the 
south coasts of PuertO'Rico (Quinones*=Marquez and Alicea-Orfiz, 
1985). Large' quantities of pesticides, including dieldrin''and 
dichlorodiphenyl trichloroethane (DOT), were used in Puerte^Rico

for many years, primarily on sugafcane plantationsVThese syntHetic 
organic pollutants can affect,,ground.:water quality <at; any time in 
unpredicjtable ways, because the_migiation rate of these.contan^inants 
through the soil and into tne,wa{er table in Puerto,Rica is;unsown.

Large Ground-Water Withdrawals  .. ^,, ,.-

Large .withdrawals-for urban centers and irrigation 'along 
coastal areas-_orf PuertorRico have-indirectly affected the" quality-of

^ground water on a local wrale. Between-. I960 and 1980:;'-the pop$la- 
jipn increased by'36 percent, with the largest increases bfehig Within 
the principal coastal urban areas. Large.ground-water withdrawals 
have induced saltwater ericroachmenr and upconing to pumping 
centers : fo addition, expanding urbanization has covered large parts 
of aquifer-rrecharge areas with relatively impermeable structures,

  thereby decreasing aquifer recharge from rainfall -infiltration-. As 
a result, the freshwater-sahwater interface has moved inland:>Several 
'large irrigation wells located between Arecibo and rMart'ati'oh'the 
north coast of Puerto Rico have experienced upconing of saltwater 
after periods of intensive,pumping. Rice crops have be&ndamaged 
on occasion by the applied water. ; - 1  " n '

Information is being collected continuously by'the~*U.S. 
Geological Survey to determine the islandwide extent of saltwater 
encroachment. Areas of dissolved concentrations greater than 2,000 
mg/L are shown in figure 4.

Barnyard Waste or Septic Drainage
Increased levels of ruinate (as large as 72 me/L as nitrogen) 

have been documented innwatensamples withdrawn principally from 
the South Coastal Plain alluvial aquifer; Large nitrate concentra­ 
tions are generally assdciatedwith shallow water-table conditions, 
where wastes from animal feedlots. septic drainage, or surface con­ 
tamination have perc6lated to an aquifer. Fertilizer application in 
areas of the south coast w here the water table is near the land sur­ 
face may be the source of large nitrate concentrations in <hel ground 
water (Carl-Axel Soderberg; Puerto Rico Environmental Quality 
Board, written commun.. 1986).

POTENTIAL FOR WATER-QUALITY CHANGES.
Recent estimates by the Puerto Rico Planning Board (PRPB) 

indicate that the population of Puerto Rico will Veach' about 4 million 
in the year 2010 (Quinones-Marquez and Alicea-Ortiz. 1985). The 
population increase and the associated demand for employment will 
undoubtedly cause further industrial development, which, wall place 
additional demands on the ground-water resources. The Puerto Rico 
Aqueduct and Sewer Authority will continue to develop ground- 
water resources to provide drinking-water supplies for rural areas. 
Further development of the alluvial aquifers near the coast will re­ 
quire careful planning to avoid saltwater encroachment..

Agricultural development is declining in Puerto Rico. 
However, use of large volumes of fertilizers and pesticides pro­ 
vides a potential source of contamination of the water-table aquifer.

To date (1986). the North Coast limestone artesian aquifer 
has been free of contamination except where wastes were directly 
injected by disposal wells into the aquifer. Although subsurface in­ 
jection has been discontinued, some residual contamination pro­ 
bably remains.

GROUND-WATER-QUALITY MANAGEMENT,
The management of ground-water quality in Puerto Rico is 

shared by several l8cal agencies and the EPA. The Puerto Rico 
Department of'Natural Resources (PRDNR) is responsible for plan­ 
ning and regulating the use, improvement, conservation, and 
development of the water resources of Puerto Rico (Water Law, 
No. 136 of June 3, '1976). In'September 1 1984, the Department 
published regulation's that included the management of ground water.



The mqst important sections of the regulations include: (1) a system 
of permits for drilling wells and a franchise to use the ground water, 
(2) authorization to designate "critical" areas where the ground- 
water resources could be affected by excessive.demand or con­ 
tamination, and (3) a-system of permits to regulate the quantity of 
fluids recharged into the aquifqrs.

At the Federal level, the EPA is the principal agency re­ 
sponsible for the use and management of ground water. The EPA 
delegates to local agencies the implementation of some of its pro­ 
grams and regulations such as the Safe Drinking Water Act of 1974 
and the Pesticide Control Act. The PREQB is responsible for the 
regulation of industrial, domestic, and agricultural discharges under 
the Clean Water Act of 1977. The Board similarily manages the 
Underground Injection Control Program defined by the Safe 
Drinking Water Act of 1974. In 1985, the Board published extensive 
regulations for the control of fluids injected into aquifers. This 
agency has developed regulations to control discharges into sinkholes 
and the construction and operation of underground storage tanks.

The EPA has delegated the regulation of pesticides that may 
contaminate ground water (Pesticide Control Act) to the Puerto Rico 
Department of Agriculture (PRDOA). The PRDOH has been granted 
primacy by the EPA to oversee the drinking-water program in Puerto 
Rico. The PRDOH is responsible for the Safe Drinking Water Act 
of 1974 as regards the quality of drinking water. This agency has 
implemented a set of regulations that establishes maximum con­ 
centrations of ions and chemical compounds permissible in drinking 
water. The Department relies on the Puerto Rico Aqueduct and 
Sewer Authority to conduct quality-assurance monitoring for their 
public-supply wells.

Other Federal laws related to the conservation of ground 
water have not been delegated by the EPA to Commonwealth 
agencies. The EPA administers the Resource Conservation and 
Recovery Act (RCRA), which regulates the management of solid and 
liquid waste materials; it also manages the Toxic Materials Act of 
1976, which controls the production and disposal of toxic materials, 
as well as CERCLA or Superfund law of 1980. The CERCLA legisla­ 
tion authorizes the Federal government to respond directly to 
releases (or threatened releases) of hazardous substances and con­ 
taminants that may endanger public health or welfare.

Although the EPA has delegated most of the responsibility 
for the administration of the ground-water-quality management laws 
to Commonwealth agencies, it still is actively involved in en­ 
vironmental programs that affect ground water. The EPA, through 
the PREQB, directs its efforts toward programs that regulate the 
design, construction, and operation of municipal landfills, under­ 
ground storage tanks, and discharge pools.

Landfills and underground storage tanks constitute potential 
sources of contamination to aquifers. In Puerto Rico, nearly 50 land­ 
fills are located over aquifers that provide drinking water to 
municipalities. The new regulations will require continuous 
monitoring and cleaning of those landfills that contain dangerous

contaminants. Since 1985, the PREQB has issued orders against 11 
service stations for gasoline spills from underground storage tanks.
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Rgure 1. Selected geographic features and 1980 population distribution in Puerto Rico. A, Counties and selected cities. B, Population distribution, 
as of 1980. (Sources: B, Data from U.S. Bureau of the Census data for county populations.)
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WASTE SITE - Darker symbol indicates srt<r''
where contaminants were detected. 

, ^Letter refers.<p text discussion -,t..-- « . ,e-
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GROUND-WATER QUALITY
__ Area of water-quality concern
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impaired waterquality other 
than salt-water intrusion
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LANDFILL SITE
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  Active
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Figure 3. Selected waste sites and ground-water-quality information in Puerto Rico. A. Comprehensive Environmental-Response. Compensation, J " 
and Liability Act (CERCLA) sites; Resource Conservation and Recovery Act (RCRA) sites; and other selected waste sites, as of 1986. B. Areas of naturally impaired 
water quality, areas of human-induced contamination, and distribution of wells that yield contaminated water, as of 1986. C, Municipal landfills, as of 1986. 
(Sources: A, Laura J. Livingston, U.S. Environmental Protection Agency, Region II, written commun., 1986; Victor Mata, Puerto Rico Environmental Quality 
Board, written commun., 1986. B, Guzman-Rios and others, 1986; Guzman-Rios and Quinones-Marquez, 1984; 1985. C, Victor Mata, Puerto Rico Environmental 
Quality Board files.)



EXPLANATION
f- '' 1 Dissolved solids concentration 

larger than 2000 milligrams 
per liter

Rgure 4. Areas of ground water containing a dissorved-solids concentration larger than 2,000 milligrams per liter. (Source: Modified from Romas-Mas 
and Lee, 1985; Gomez-Gomez and Heizel, 1980; Robert Graves, U.S. Geological Survey, written commun., 1986.)


